Guineagrass
(Panicum maximum Jacq.) is an important tropical forage grass and forms an agamic complex of great economic value (Savidan 1980 in 4 of 42 ovules. At 1 DAA, first division of egg cell was observed (Fig. IA) while the endosperm had reached mean 17.7 cells (Table 2) . Here, the endosperm always appeared as free-nuclear endosperm during 0-2 DAA. From 1 to 3 DAA, the mean numbers of egg embryo and endosperm cells were increased ca. 3 times per day, respectively. Table 2 also showed that the number of ovules containing developed egg embryo and endosperm were increased as the days after anthesis increased. But the ovules unfertilized remained in a certain number. At 2-3 DAA, formation of endosperm cell wall started from the positions farthest and nearest to the embryo, respectively. At 4 DAA, egg cell has undergone 6 cycles of division and became an embryo containing mean 68.6 cells ( Table 2 ). The endosperm was well-developed and almost occupied the whole space of the sac where it is located in (Fig. 1B, C) . After 3 and 4 DAA, the endosperm and young embryo developed so fast that the numbers of both cells could not be counted under the microscope. On the other hand, during 1-4 DAA, nucellar cells were changed to be vaculated, as endosperm cells changed from free-nuclear to cell-wall-formed with well-developed cytoplasm (Fig. 1A, B, C) . No morphological differences were observed between the developed sacs either derived from sexual sac or apomictic sac.
Dominant development of embryo sac in micropylar end
In polyembryonic ovules, the embryo sacs in micropylar end developed dominantly when compared with that in the others. Figure 113 showed the developments of both embryo and endosperm of the sac in micropylar end, and the other sac were crowded out to chalazal end, with dividing egg cell and polar nucleus.
The ovules containing dominantly developed embryo sacs were investigated at 4 DAA in seven accessions.
The results showed in Table 3 indicated that, 33%-91% of the ovules 1 )Twin embryo sacs containing both of embryo and endosperm, respectively, in an ovule. 2)Twin embryo sacs containing one embryo but no endosperm, respectively, in an ovule.
3) The embryo sac in the other end, instead of in the micropylar end, containing developed embryo and endosperm.
contained developed sacs in micropylar end in all the accessions tested, and in contrast, in the other ends, 0% in 5 accessions, and 2% in N68/96-8-o-11.
Other types of embryo sac development Some other cases different from the above appeared. 1) A sexual sac in chalazal end contained a globular-stage embryo and central cell, and in micropylar end, aposporous embryo sac initial cell (AESIC)-like cell appeared ( Fig. 2A, B) , in I of 102 ovules of N68/96-8-o-11 (Table 3) ; 2) That an apomictic sac in micropylar end contained a developed embryo and polar nucleus (Fig. 2C) , in 1 of 47 ovules of T-41, and in 2 of 102 ovules of N68/96-8-o-11 (Table 3) ; 3) That twin embryo sacs in an ovule were developed together in 1 of 47 ovules of T-41 and in 6 of 102 ovules of N68/96-8-o-11, respectively (Table 3) . In this case, the sac in micropylar end had an advantageous development compared with that in the other ends; 4) That twin embryo sacs in an ovule contained a developed embryo but no endosperm, respectively, in 1 of 47 ovules of T-41 (Table 3) ; 5) That lack of developed embryo sac in micropylar end, but in the other end, was also observed (Fig. 3A, B) in 2 of 102 ovules of N68/96-8-o-11 (Table 3) .
Seed forming embryo development At 6 DAA, the developed embryo and endosperm of the sac in micropylar end occupied the embryo sac it located in, at the same time, the space of the whole ovule was almost occupied by the developed sac. The endosperm cell in the area near and arround the embryo was black-stained and showed vaculated cytoplasm, however, nucellar tissue degenerated and disappeared. The other embryo sacs in the same ovule, in contrast, were crowded out by the micropylar one towards the chalazal end, although in some sacs the egg cell has divided 2 or 3 times (Fig. 4A, B) .
In most ovules, the sac in micropylar end developed into the seed-forming one as its dominant growth did, while the other sacs degenerated completely, at ca. 10 DAA or a little later. 
Parthenogenesis test
In emasculated ovules observed at 4 DAA, no developed embryo sac distinguished in 65 ovules of 3 accessions. The parthenogenesis rate was 0% in all the 3 accessions tested (Table  4) . Table 4 .
Identification of parthenogenesis in emasculated Panicum maximum flowers 4-day after anthesis 1), 2) Numbers of embryo sacs in micropylar end and in chalazal end were indicated, respectively.
Discussion
AESIC appeared one by one in apomictic plants of Panicum maximum, according to a continuous course during the period from after megasporogenesis to anthesis. The first AESIC appeared in the ovules always located dominantly in the micropylar end (Chen and Kozono 1994) . On the other hand, Nakajima and Mochizuki (1983) indicated that the most vigorous embryo sac, sexual or apomictic one, is considered to be representative of the polyembryonic ovules. In practical observation, however, it is difficult to dicide which is the most vigorous one. In the present study, we attempted to compare the percentage of mature sacs and the sizes of nucleoli of the embryo sacs positioned in micropylar end with those in the other ends, to determine the reproduction mode of the polyembryonic ovules (Table 1) . We found out that the percentage of mature sacs and sizes of nucleoli of embryo sac in micropylar end were more advantageous than those in the other end. This result means that the AESIC formed in micropylar end has the temporal dominant in formation and maturity of the embryo sac when compared with the other sacs. In other words, the dominantly matured sac in micropylar end has been ready for fertilization. Koltunow (1993) indicated that if numerous embryo sacs exist in an ovule, the embryo sac in the favourable position, i.e., closest to the micropylar end of the ovule, is usually the one that the pollen tube enters. Combining the above mentions, we propose that the mature sac in micropylar end has also the positional dominant in fertilization.
That 33%-98% of the ovules contained the developed sac in micropylar end in all of the 5 accessions tested, but in the other ends, 0% in 5 accessions and 2% in N68/96-8-o-11, respectively (Table 3) , strongly supports the above proposition. A matured embryo sac in micropylar end is usually the one that will be fertilized (or pseudogamy) dominantly and, just the embryo developed in the sac, in final, became to the seed-forming embryo. On the other hand, the other sacs, have no chance to receive entrance of pollen tube for fertilization, and be crowded out by the developed sac to chalazal end and, in final, be completely degenerated after 10 DAA. Even though the other sac, in some case, contained an embryo and polar nucleus, formed either by fertilization or by receiving stimulus of developed sac in micropylar end, the embryo could not continue to develope, and instead, degenerated as the absence of endosperm. This is why the number of seeds with twin embryos is very small in guineagrass (Warmke 1954) .
The rate of developed sac in micropylar end at 4 DAA decreased when compared with the percentage of mature embryo sac at anthesis. It could be considered due to the lower chance of fertilization of the ovules (Table 2) , and the appearance of the other types in embryo sac development (Table 3, Figs. 2, 3) , under the condition of open-pollination. This does not limit us to make the above conclusion, since in 5 of 6 accessions observed, there appeared no developed sacs in other ends, in the case of when the micropylar one did not develop.
The above observations provide reliable data for effective embryo sac analysis. That is, at anthesis, if the matured sac in micropylar end is apomictic one, apomictic seed-forming embryo should be formed; if the sac is sexual one, sexual seed-forming embryo should be formed. With this method mentioned here, it should be possible that using the frequency of apomictic and sexual embryo sacs in micropylar end at anthesis estimate the degree of sexuality or apomixis, even without progeny test. It is interesting as a further project to compare the two degrees of sexuality or apomixis estimated by embryo sac analysis as described here and by progeny test.
Parthenogenetic embryogenesis of the egg cells was observed in most of the ovules from unpollinated flowers in diplosporous apomict, Allium tuberosum (Kojima and Nagato 1992) . It is not yet known in Panicum whether aposporous embryo development occurs by the same mechanism as parthenogenetic embryo formation in diplosporous apomicts. In this study, some other cases, i.e., the embryo sac containing developed embryo and undivided polar nucleus (Fig. 2C ) or polar nuclei ( Fig. 2A, B) , were observed during the observation of flowers open-pollinated. However, no egg embryo formation was observed in the 4 DAA flowers of 3 Panicum maximum accessions, when the flowers emasculated two days before anthesis (Table  4) . The former sacs, therefore, could be considered caused by fertilization miss, that is, egg cell fused with a sperm cell, but degenerated due to the absence of endosperm. From the present result, it became clear that no parthenogenesis occurs, at least, in facultative apomicts of Panicum maximum.
Summary
Seven facultatively apomictic accessions of guineagrass (Panicum maximum) were studied cytologically for clarifying the mechanisms of seed-forming embryo development in poly embryonic ovules. The continuous observations of ovules before and after anthesis under the condition of open-polination, indicate that 1) The first AESIC appeared is located dominantly in micropylar end (Chen and Kozono 1994) , and the percentage of mature embryo sacs in micropylar end was higher than that in the other end; 2) The rates of the ovules contained developed embryo sacs in micropylar end at 4-days after anthesis were 33%-91% comparable to 0%-2% of that in the other ends; 3) The embryo of the developed sac in micropylar end , in final, became a seed-forming embryo, and in contrast, the other sacs , were crowded out to chalazal end and degenerated at 10 or more days after anthesis. From the above results, it can be concluded that the AESIC-derived embryo sac in micropylar end, in most of the cases, has temporal dominant in embryo sac mature, and has the positional dominant in fertilization and subsequent development of embryo sac when compared with the sacs in the other end in polyembryonic ovules. We, therefore, suggest that the degrees of sexuality or apomixis can be estimated based on the frequency of sexual and apomictic embryo sacs in the micropylar end by means of embryo sac analysis in present generation, even without progeny test. The other types of embryo sac development were also investigated and discussed.
